provision of the risk score in a statutory scheme resulted in an estimated mean change 57 to 26% of movements, with a reduction of 37% in infected animals being purchased 58 initially, increasing to a 53% reduction in infected movements from higher risk sellers
INTRODUCTION

73
Bovine tuberculosis (bTB) is an infectious disease of cattle caused by the bacterium 74 Mycobacterium bovis and is one of the biggest challenges facing the cattle farming 75 industry in England and Wales. The cost of controlling bTB is the largest single 76 component of animal health related expenditure in these countries paid by the tax 77 payer, amounting to nearly £100 million in 2014 (Defra, 2014) . The adoption of risk-78 based trading (RBT) has the potential to aid the management of livestock diseases by 79 providing those participating within schemes more accurate information when 80 purchasing animals (Defra, 2013a) . However, the performance of such schemes in 81 reducing the movement of infected cattle between farms is dependent on how well 82 schemes are implemented and the specific rules established to permit or prevent trade. 83 Risk scores can be implemented within assurance schemes or certification standards 84 that are managed by industry organisations with a voluntary disclosure of the score, or 85 assisted by government with statutory controls whereby disclosure is compulsory in 86 order for the legal sale of cattle. Scheme rules can dictate whether or not certain 87 batches are permitted to move between herds or zones of different risk scores, and 88 whether a herd score is affected by the purchase of animals of a lower risk status. The aim of this research was to estimate the impact of farmers using risk scores to 
METHODS
127
128
A stochastic model implemented in Excel with the add on @Risk (version 6.1) was 129 used to estimate the number of infected movements under each of the three scenarios.
130
The final risk score developed using a method described in the accompanying paper, 131 that could be practically applied, is presented in The number of infected movements per year is dependent on (1) the probability each 153 farm which is selling cattle is bTB infected but the infection is undetected (farm either 154 not under restriction or with specific movement license), (2) the within herd infection 155 prevalence on that farm, (3) the proportion of animals moved from that farm in 156 batches to other farms, and (4) the sensitivity of the pre-movement test where applied.
157
The risk pathway for the movement of infected animals off farm is provided in Figure   158 1. Numerous parameter values were extracted from the National database SAM
159
RADAR bTB reception database, herein referred to as SAM. For each farm in the dataset the probability of the herd being bTB infected, was 164 estimated using a modified freedom from infection (FFI) model (AHVLA, 2011).
165
This model has been previously developed to estimate the probability that a given reactor herds were included in the subset and are provided in Table 2 . where was the average number of animals on farm (SAM). Probability of participating in a trading scheme, Probability of purchase given risk score,
For those farmers participating in the scheme, the probability that farmers will buy 287 certain animals will depend on their own farm status, their risk appetite, and also on score pairing (seller score -purchaser score), respondents were asked to select a 296 probability ranging from "Will" to "Will not" divided into six increments. Each of the 297 boxes was associated with a probability, with a maximum of 100% representing
298
"Will" and minimum of 0% for "Will not" with 1%-25%, 26%-50%, 51%-75%, and score between purchaser and seller was applied in the risk assessment using a fitted 305 lognormal distribution using the key statistics of the distribution shown in Table 4 . A
306
Bernoulli random variable with the given probability was sampled for the variability 307 associated with the decision to purchase given the risk score.
308
Estimating the number of infected movements within a statutory scheme 309 310
The statutory scheme was based on the compulsory provision of the risk score to 311 auctioneers and purchasers prior to purchase. In a perfect system this would imply 312 that all purchasers would be involved in the scheme with ℎ ( , ) =1.
313
However, the potential for purchase of animals from farmers not using the system was 314 discussed with stakeholders and a minimum of 5% and maximum 15% thought to be 315 plausible bounds for the uncertain probability of not complying with the scheme, with 316 a mean value of 10%. For those farmers participating in the statutory scheme, the 317 probability of the purchase being made ( or 5, whilst 6.1% were estimated to be sold from the lowest risk farms scoring 1.
399
Voluntary RBT scheme 400 Uptake by farmers for a voluntary RBT scheme was estimated to vary between 40%
401
to 81%, as shown in Table 3 , dependent on location and purchaser bTB status. uncertainty with results shown in Table 6 and displayed in the boxplot in Figure 3 .
455
The true between herd prevalence of bTB infection, , the proportion of herds that 
